The Texas tortoise (Gopherus berlanderi) is one of four native tortoise species found in North America. All four Gopherus species receive some form of government protection because of recent population declines. The Texas tortoise is considered threatened within the state of Texas and is of major conservation interest. As a result of human encroachment into Texas tortoise habitats, there has been an increase in the dissemination of infectious disease into native populations. One of the most important diseases studied in North American tortoises is Mycoplasma agassizii. Seroprevalence studies have been performed in the California desert tortoise (Gopherus agassizii) and Gopher tortoise (Gopherus polyphemus) but have yet to be performed in the Texas tortoise. The purpose of this study was to measure the seroprevalence of Mycoplasma agassizii using an ELISA in two populations of Texas tortoises, a wild population (N = 39) and a population in a wildlife rehabilitation facility (N = 15). Tortoises in the wild population were all seronegative (95% confidence intervals [CI]: 0-7.6%), whereas 80% (12/15; 95% CI: 60-100) of the tortoises from the rehabilitation facility were seropositive. The results of this study suggest that Texas tortoises are exposed to and can mount an immunoglobulin response to Mycoplasma agassizii, which may influence the status of this species in North America. This pilot study suggests that further research is needed to determine the epidemiology of mycoplasmosis in Texas tortoises from the wild and in captivity.
INTRODUCTION
The Texas tortoise (Gopherus berlanderi) is the smallest of the four Gopherus species found in North America. The species range is characterized by contiguous thornscrub savanna and coastal prairie habitat from southern Texas to northeastern Mexico. This area is also referred to as the Tamaulipan Biotic Province or the Rio Grande Plains Ecoregion (Kazmaier et al., 2001a) . Reproductive age of inland populations of tortoises begins at 5 years and is based on carapace length and increased sexual dimorphism (Hellgren et al., 2000) . Mating occurs from June to September, and the females produce between one and four eggs annually (Ernst and Barbour, 1989) . Increased agricultural deve lopment and human encroachment into tortoise habitat has resulted in the Texas tortoise's current listing as a threatened species (Kazmaier et al., 2001b) .
Upper respiratory tract disease (URTD) is a common disease complex that is seen in numerous species of chelonians. The complex can be caused by multiple pathogenic organisms, or a single species, that results in various stages and degrees of clinical signs. Clinical signs may include nasal discharge, ocular discharge, palpebral edema, rhinitis, and dyspnea (Wendland et al., 2006) . The primary pathogen discovered to be the cause of URTD in North American tortoises is Mycoplasma agassizii (Brown et al., 1994 (Brown et al., , 1999 . Other pathogenic organisms that cause similar clinical syndromes include: Pasteurella testudinis, iridoviruses, herpesviruses, and fungal organisms (Snipes et al., 1980; Snipes and Biberstein, 1982; Lawrence and Needham, 1985) . There has been significant investigation into the pathogenesis, distribution, and testing modalities used for Mycoplasma agassizii (Brown et al., 1995; Hannan et al., 1997; Schumache r et al., 1997; Homer et al., 1998; Berish-Diemer et al., 2000; McLaughlin et al., 2000; Brown et al., 2002; Jacobson et al., 2002; Seigel et al., 2003) . The organism was originally identified through electron microscopy of infected nasal mucosa and was subsequently cultured from wild California desert tortoises (Gopherus agassizii) in the Desert Tortoise Natural Area in Kern County California in 1988 (Jacobson et al., 1991) . Mycoplasma agassizii was implicated as a primary factor resulting in the decline of that tortoise population. Gopher tortoises (Gopherus polyphemus) exposed to Mycoplasma agassizii also have been found throughout almost the entire geographic range of the species (Smith et al., 1998; Berish-Diemer et al., 2000) . Although there have been stu d ies evaluating mycoplasmosis in desert and gopher tortoises, to date there has been no attempt to determine the importance of the disease in Texas tortoises.
The purpose of this study was to measure the seropre valence of Mycoplasma agassizii in wild and captive populations of Texas tortoises. The hypotheses being tested in this study were that (1) the seroprevalence of Mycoplasma agassizii will be higher in captive tortoises in rehabilitation facilities than wild caught animals and (2) the seropre valence of Mycoplasma agassizii in Texas tortoises will be >10%, suggesting that exposure to the disease is not uncommon.
MATERIALS AND METHODS
Fifty-four Texas tortoises were sampled from two locations in south Texas in July 2004. The first location (Site A) was on the 6,150 ha Chaparral Wildlife Area in Dimit and La Salle counties, Texas. Thirty-nine wild tortoises were sampled from this region (18 males, 11 females, and 10 juveniles). All the tortoises at Site A were caught by researchers as part of a larger population study occurring in the Chaparral Wildlife Area. The second location (Site B) was the University of Texas Marine Science Institute Animal Rehabilitation Keep (UTMSI-ARK) in Port Aransas, Texas. Fifteen tortoises, presented for rehabilitation because of various injuries, were sampled from this facility (12 males, 2 females, and 1 juvenile). All the tortoises at Site B were wild caught and surrendered to a rehabilitation facility by the public for various reasons from early spring through the summer. The exact origin of these individuals was unknown, but they were all recovered from adjoining San Patricio and Nueces Counties, Texas. All tortoises from Site A were released after sample collection, whereas tortoises from Site B were permanently housed at the facility upon completion of their rehabilitation. Tortoises in both groups were weighed, sexed, and examined for clinical signs of URTD. Sex identification was accomplished by using morphological characteristics (e.g., larger gular scutes and concave plastron in the males compared to females). If the individuals were unable to be sexed because of size and morphology, they were considered juveniles.
A 0.5-1.0 mL blood sample was collected with a 25-gauge needle and a 1.0 mL syringe (Monoject, Sherwood Medical, St. Louis, MO) from the subcarapacial sinus and placed into a lithium heparin separator tube (Microtainer, Becton, Dickinson, and Co., Franklin Lakes, NJ). No more than 0.5 mL of blood was collected per 100 g body weight. The samples were centrifuged at 15,800 rpm for 90 sec within 1 h of collection. The plasma was refrigerated until it was transported on ice packs to the University of Florida, College of Veterinary Medicine (Gainesville, FL) for serologic testing. All samples were received for testing within 24-48 h of collection. An enzyme-linked immunosorbent assay (ELISA) developed to measure the presence of specific antibodies to Mycoplasma agassizii was performed to detect individuals exposed to the pathogen (Schumacher et al., 1993; Wendland et al., 2007) .
The 95% binomial confidence intervals (CI) were calculated for each proportion. When the sample proportion was 0, the technique described by van Belle and Millard (1998) was used. A chi-square test or Fisher exact test was used to compare the seroprevalence between age groups, sexes, and the wild and captive populations of tortoises. A logistic regression model was developed to evaluate age, sex, and population level simultaneously. Biologic interactions between these factors were also tested using a stepwise model. A P < 0.05 was used to determine significance. SPSS 17.0 (SPSS, Inc., Chicago, IL) was used to analyze the date.
RESULTS
Animals: None of the wild or captive tortoises had any evidence of respiratory disease or other clinical signs associated with Mycoplasma agassizii on presentation, nor did the captive tortoises exhibit any signs during their residence at the rehabilitation facility. Antibodies to Mycoplasma agassizii were detected in 22.2% (12/54; 95% CI: 11.2-33.2) of the animals tested. One captive individual (6.7%) was classified as suspect.
Site A tortoises: The 39 individuals from this area were seronegative for Mycoplasma agassizii. Site B tortoises: Twelve (80%) of 15 tortoises were seropositive for Mycoplasma agassizii; two tortoises were serone gative and one was classified as suspect. The seropositive individuals consisted of nine males and three females.
The seroprevalence of the captive tortoises (12/15; 80%, 95% CI: 60-100) was significantly higher (P = 0.0001) than that found in the wild (0/39; 0%, 95% CI: 0-7.6%) tortoise populations. There was no significant difference in seroprevalence between sexes (P = 0.09) or age (P = 0.14). Because the logistic regression model only incorporated seroprevalence by location, the Fisher exact result is reported.
DISCUSSION
Mycoplasma agassizii has been reported in at least 19 different species of chelonians (Nathan et al., 2002; Feldman et al., 2006; Wendland et al., 2006) . The first report of Mycoplasma sp. in a chelonian was made in 1985 in a Greek tortoise (Testudo gracea) (Hill, 1985) . Three years later, California desert tortoises were diagnosed with Mycoplasma agassizii in a study performed in various counties in California (Jacobson et al., 1991) . Based on these findings, Mycoplasma was identified as the causative agent of URTD, which set the stage for further diagnostics and characterization of the disease and its distribution. In 1999, Mycoplasma agassizii was identified as the causative agent of URTD in gopher tortoises too; experimental infection aided in the determination of the clinical course of infection in a dose response infection study (Brown et al., 1999) . To date, the primary focus on characterizing the epidemiology of mycoplasmosis has been limited to only two of the four Gopherus species.
Multiple testing modalities have been implemented to aid in the diagnosis of Mycoplasma agassizii; including polymerase chain reaction (PCR), ELISA, and culture (Jacobson et al., 1991; Brown et al., 2001; Jacobson et al., 2002; Wendland et al., 2007) . Culture and PCR do not always have a high level of sensitivity and are significantly less sensitive when animals are not exhibiting clinical signs (Brown et al., 2002; Wendland et al., 2007) . In addition, Mycoplasma agassizii has fastidious growth requirements and may take up to 6 weeks for primary isolation when cultured (Wendland et al., 2007) . An ELISA was developed in 1992 that was validated using the California desert tortoise and the gopher tortoise (Brown et al., 1994 (Brown et al., , 1999 Wendland et al., 2007) . As recently as 2007, this ELISA was refined to include more stringent quality control measures, and a new titer reporting system has aided in more meaningful results (Wendland et al., 2007) . The improvement in the testing is also reflected in the test accuracy, with a sensitivity of 98% and a specificity of 99%. ELISA allows identification of individuals exposed to Mycoplasma agassizii, and in some cases may include tortoises not exhibiting outward clinical signs. Seroconversion was shown to take 6 weeks in gopher tortoises and California desert tortoises; thus, repeat samples on suspect individuals should be submitted 4 weeks after initial sample collection to screen for a rising titer (Brown et al., 1994 (Brown et al., , 1999 Homer et al., 1998; McLaughlin et al., 2000; Wendland et al., 2007) .
The Texas tortoises at the Chaparral Wildlife Area were seronegative by the Mycoplasma agassizii ELISA. The negative status may indicate lack of exposure to the organism for a number of reasons. The protected wildlife area is a safe haven for the species because it is protected by state law and the general public is unable to access this area without prior authorization. The isolation of this area may also play a significant role in reducing the introduction of new pathogens into this population. In addition, this area is sparsely inhabited by humans with minimal industrial development. The population of the surrounding cities within a 50-mile radius does not exceed 8,000 people per city. The limited contact with humans and limited human intervention may play a significant role in the lack of, or minimal exposure to, Mycoplasma agassizii. Despite this, Texas tortoises may enter and exit the Chaparral Wildlife Area boundaries, preventing this group from being considered a completely isolated population.
The tortoises at the UTMSI-ARK had 12 seropositive, 2 seronegative, and 1 suspect animal in the group. Unfortunately, the exact location where these individuals were found was unknown; yet they were all collected within an adjoining two-county area (Nueces and San Patricio Counties). There are two possibilities that may explain the seropositive animals. The first possibility is that the animals surrendered were exposed to Mycoplasma agassizii in the wild, prior to arrival. The second possibility is that the tortoises were exposed while in the rehabilitation facility, which is a distinct possibility because they were housed in close proximity to each other. Consideration should also be taken as to the reason these animals were admitted to the rehabilitation facility. Most of the animals were surrendered because of vehicular trauma or bite wounds from predators. Other animals were brought in by good samaritans who found tortoises crossing the road, picked them up, and brought them to the facility. The time of year that most of the animals were surrendered was early spring through summer. Season may be an important factor, because spring is the period of time when this species comes out of hibernation and begins to forage and search for a compatible mate. In addition, an increase in human development and encroachment into tortoise habitat may also influence the frequency that tortoises are being encountered by humans in the area.
There are other factors that may play a more significant role in the spread of the organism. First, many people in the area own and house (outdoors) both Texas tortoises and a variety of other exotic species of tortoises, including California desert tortoises, gopher tortoises, African spurthighed tortoises (Centrochelys sulcata), red-footed tortoises (Geochelone carbonaria), Russian tortoises (Testudo horsfieldii), and eastern box turtles (Terrapene carolina carolina), all of which have been shown to be exposed to, and in some cases, colonized by Mycoplasma agassizii. The Mycoplasma status of the majority of these client-owned pets is unknown; however, the author has diagnosed 2 cases of Mycoplasma agassizii in client-owned pets in the Nueces and San Patricio County regions. One was in an African spur-thighed tortoise, and the second was in a red-footed tortoise. The temperate to tropical climate in the south Texas region allows many owners to house both native and exotic tortoise species outdoors. Many of these areas are also inhabited by native Texas tortoise populations. As a result, there may be the potential for increased contact between wild Texas tortoises and exotic species that harbor Mycoplasma agassizii.
Further characterization of the epidemiology of Mycoplasma spp. in free-ranging Texas tortoises is needed in south Texas and Mexico, because the impact of this pathogen on this tortoise species is not known. Lessons learned in previous research from the desert tortoise and the gopher tortoise should be reviewed and applied to aid in the management of both wild and captive populations of the Texas tortoise. Examination of populations in south Texas and Mexico will also assist wildlife officials, biologists, and veterinarians in planning strategies to deal with possible outbreaks and protocols for tortoises in the wild and those surrendered to various rehabilitation facilities in their native geographical range (Berish-Diemer et al., 2000; Brown et al., 2002) . Currently, Texas tortoises presented to UTMSI-ARK are tested upon arrival and deemed nonreleasable if they are seropositive for Mycoplasma agassizii. Individuals that are seropositive are isolated from seronegative animals in a separate building with strictly implemented quarantine procedures. Similar recommendations should be instituted for other individuals rehabilitating or working with this species until further evaluation of wild populations is performed. Future plans should include sampling and screening tortoises from various populated and unpopulated areas through multiple testing methods including ELISA, PCR, and culture. Necropsy and histopathology would also aid in further defining the pathogenesis and pathophysiology in Texas tortoises in comparison with the other Gopherus species (Homer et al., 1998; McLaughlin et al., 2000) . Also, the impact on wildlife should be considered for species other than the Texas tortoise. Rehabilitation facilities that admit Texas tortoises may also assist with rehabilitation of other endangered, threatened, and protected chelonian species. Even though, to the author's knowledge, mycoplasmosis has not been documented in these species, they may be susceptible to the pathogen. Caution should be exercised when housing any chelonian species with positive or suspect individuals.
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